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Abstract 
This article contains description of a new programming method of PLC controllers, presently a fundamental tool in discrete process auto-
mation. A PLC user, applying standard languages for programming of sequence processes, is forced to rely on intuitive methods as well as 
his own experience. For this reason, the authors attempted to work out a method, which would allow for simple execution of the program-
ming process with no limits regarding number of steps and input and output signals. The result of these studies is a method named 
Graftech by its authors. The method consists in determination of a functional program in LD language, basing on process algorithm written 
with SFC network. The rules concerning determination of the functional program are also described. Application of Graftech method is 
illustrated with an example of automatic ejector of casting molds.  
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1.  Programming languages of PLC 
controllers 
 
PLC controllers are presently basic tools for automation of 
discreet technological processes. They have replaced, so far 
commonly used, classical contact-relay control systems. 
The main task of PLC controller is generation of output status 
basing on control algorithm (functional program) written with 
PLC programming language. This consists in reading of output 
status and calculation of the programmed logical functions de-
scribing control algorithm, basing on the current controller output 
status as well as internal status (memory) [1][2][3]. 
IEC 1131-3 standard describes syntax and semantics of a uni-
form set of programming languages for PLC controllers [4]. Two 
graphic languages have been described: ladder diagram (LD) and 
functional block diagram (FBD), and two text languages: instruc-
tion list (IL) and structural text (ST). 
The above-mentioned programming languages for PLC con-
trollers create many problems during programming of discreet 
technological processes because writing functional program de-
mands knowledge of control algorithm in the form of schematic 
diagram. On the second hand, other known methods of sequential 
synthesis of control systems allow for synthesis of a small number 
of input variables and internal statuses of these systems or require 
great amounts of work [5,6,7,8].  
Also syntax and semantics of SFC language, which allows for 
construction of an internal structure of PLC controller software, 
have been described by IEC 1131-3 standard. A record of control 
algorithm with SFC language ensures its sequential execution. 
SFC network may also serve for algorithm modeling of techno-
logical processes. Unfortunately, not all manufacturers of PLC 
controllers allow for programming of their products in SFC lan-
guage, or such possibility is available for an extra price.  
The department of Foundry and Automation prepared a new 
programming method of PLC controllers called Graftech, which 
allows for programming of unlimitedly complex technological 
processes, including foundry. The method has no limits with 
regard to number of: steps, input and output signals and is very 
simple in use. 
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9The essence of Graftech method is a process algorithm written 
in SFC network and constituting basis for assigning of a func-
tional program in LD language. 
 
2.  SFC network 
 
SFC network is usually presented in a graphic form, where 
steps and transitions are mutually interlinked. A set of suitable 
actions is associated with each step and every transition is accom-
panied by a transition condition. 
A rectangle containing step name constitutes graphic repre-
sentation of the step. Joining of subsequent steps is made with 
vertical lines (input at the top, output at the bottom) with marked 
transitions (Fig. 1a). 
 
a) b) 
   
 
Fig. 1. Graphic representation of a step (a) and transition (b) 
 
 
The step describes a situation in which PLC behavior with re-
gard to its inputs and outputs is defined by a set of actions associ-
ated with the step. The step might be active or non-active. 
A transition presents the condition of control flow from one or 
many preceding steps to one or many steps occurring directly 
after the transition. The transition is graphically presented as a 
horizontal fragment crossing the direct junction of steps (Fig. 1b). 
A transition condition, which is a result of solution of a single 
Boolean expression, is associated with each transition. 
When the step is active then certain actions associated with it 
should be executed. These actions are declared in the form of 
action blocks (Fig. 2). The action block determines an action, 
together with the so-called action qualifier, which should be 
executed when the step becomes active and determining its execu-
tion conditions, for example, when the action should start, how 
long it should last, etc. Basic qualifiers include the following: N – 
set to “1” without storage, R – master clear, S – set to “1” with 
storage. 
An index (optional) is a Boolean variable informing of the ac-
tion execution status, while an instruction block (optional) repre-
sents the actions declared in one of the languages: IL, ST, LD or 
FBD. 
Certain requirements should be observed while constructing 
an SFC network. Subsequent steps and transitions must always 
occur alternately in SFC elements’ junctions, that is: 
•  two steps cannot be directly linked – they must always 
be divided with a transition; 
•  two transitions  cannot be directly linked – they must al-
ways be divided with a step. 
The transition may have a greater number of preceding or 
subsequent steps. A simple combination of steps and transitions is 
called a sequence. One of several different sequences might be 
selected after making a step or several sequences might be acti-
vated simultaneously. 
 
 
Fig. 2. Graphic representation of action block 
 
 
A change of control system and the resulting process is repre-
sented in the SFC network by transition fulfillment. The transition 
is fulfilled when: 
•  the steps preceding the transition are active and their 
execution has been completed, 
•  logical condition determining the transition has the logi-
cal value of 1. 
The transition fulfillment in the SFC network results in the 
fact that: 
•  all steps preceding the transition become inactive, 
•  all steps following the transition become activated. 
 
3. Functional program 
 
Two functional parts might be distinguished in the functional 
program determined by Graftech method: 
1.  Instructions controlling step execution 
2.  Instructions controlling PLC output signals’ status. 
The following is necessary in order to elaborate the first part 
of the program: 
•  assign Mn marker to each Sn step (Fig. 3a) 
•  assign a set of instructions (a step in a ladder diagram) 
to each Mn marker, according to the rules illustrated by Fig. 3b. 
The second part of the functional program should contain in-
structions controlling PLC output signals, according to the rules 
presented in Table 1. 
 
a)                                 b)  
 
Fig. 3. Diagram of assigning instructions controlling step realiza-
tion 
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10 Table 1.  
Rules of assigning instructions controlling output signals of PLC 
controller 
Step  Instructions controlling 
PLC output signals 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
4. Example 
 
Application of Graftech method will be demonstrated with an 
example of automatic packet ejector of casting molds. The ejec-
tors are installed in automatic foundry lines and serve for ejection 
of the casting mold packets from molding boxes and their passage 
to cooling zone facilities. Box foundry lines are for manufacturing 
of medium and large casts [9]. Figure 4 shows functional diagram 
of the facility, while Figure 5 demonstrates diagram of a pneu-
matic system [10]. 
 
 
Fig. 4. Diagram of automatic packet ejector of casting molds 
 
The ejector work consists in pulling off of molding boxes and 
transferring them onto the truck of a foundry conveyor. The 
packet, freed from the boxes, stays on the truck, which goes to the 
cooling zone. The process run is as follows: 
•  lowering of plate 2  (S1 cylinder rod feed), 
•  seizing of box 4 with arms 3 (feed of cylinders S5 and S6 
rods) 
•  ejection of molds’ packet (sliding in of cylinder S3 and 
S4 rods), 
•  transfer of box 4 (sliding in of cylinder S2 rod), 
•  lowering of box 4 (feed of cylinder S3 and S4 rods), 
•  arms’ opening 3 (sliding in of S5 and S6 cylinders’ rods), 
•  lifting of plate 2 (sliding in of S1 cylinder rod S1), 
•  return of the truck 1 to the original position (feed of cyl-
inder S2 rod). 
 
 
Fig. 5. Pneumatic system of casting molds’ packet ejector 
 
 
Ejection algorithm of casting mold packets, written with the 
SFC network, is shown in Figure 6a, while the functional program 
determined with Graftech method is shown by Figure 6b. 
 
5. Conclusions 
 
The presented Graftech method might be applied in automa-
tion of discreet processes and tasks requiring sequential control. 
The method has no limits with regard to the number of: steps, 
input and output signals. The Graftech method has an advantage 
over other methods because it is easy to use and does not require 
specialist knowledge or great experience from the programmer. 
Functional program determined with Graftech method might be 
implemented in any PLC controller, since LD language is a basic 
and commonly used programming tool of these devices. 
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a) b) 
 
 
Fig. 6. Algorithm of ejection of casting molds written with SFC network (a), functional program controlling ejection process of casting 
molds (b) 
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